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D scription 



This invention relates to medicinal aerosol formulations and in particular to formulations suitable for 
pulmonary, nasal, buccal or topical administration which are a, .eas, substantially free of chUtoracar- 

Since the metered dose pressurized inhaler was introduced in the mid 1950's. inhalation has become 
the most w,de.y used route for deHvering bronchodilator drugs and steroids to the airway™ of asSmaTic 
pat-ents. Compared with oral administration of bronchodilators. inha.ation offers a rapid aJTctlSSl 

1 0 Il"iT 2 SV f m ' C S ' de effeCtS ' M ° re recen,ly ' inha,ation ,rom a P'« s *"*ed Whaler has been a route 

it^r other dru9s> e 9 - erso,amine ' which are not ^ ™ 

The metered dose inhaler is dependent upon the propulsive force of a propellant system used in its 
manufacture The propellent generally comprises a mixture of liquified ch.orofiuLcarbons ^ 

^a e SmlTf 6 *? *" W PreSSUr8 ™* Stabi,i,y ot formula «°" Propel ants IU2 and 

114 are the most w.dely used propellants in aerosol formulations for inhalation administration 

m , kT 08 ." 1 ^ " h3S been 8Stab,ished that CF C's react with the ozone layer around the earth and 
contribute towards ,ts depletion. There has been considerable pressure around the world to reduce 
substantially the use of CFC's. and various Governments have banned the "non Jssemiar use of SS? 

TJSZXIL^^" ^ ° f CF °' S 38 re,ri98rantS a " d bl °^ ^ents. but ££££ 
ritrictPH ll '" rn f d,c,nes - whlcl ; contributes to less than 1% of the total use of CFC's, has not been 
restricted. Nevertheless. ,n v.ew of the adverse effect of CFC's on the ozone layer it is desirable to seek 
alternative propellant systems which are suitable for use in inhalation aerosols 

inn a l C H> endi ? EU T a " Patant App,ica,ion No - 89312270.5 discloses an aerosol formulation compris- 
Z'SSSEtZS?* - - ~ one compound having a higher polLy 

as ."ifSrS*" '•'• l f-; etrafl " oroe,hane - herei "*«er referred to as Propellant 134a. may be employed 
as a propeHant for aerosol formulations suitable for inhalation therapy when used in combination with a 

22H£ri a , hi9 H h r po,arity *" prope,,ant ,34a - suitab,e c ° m p° unds •"**» -fcoho^js; 

isooelr'T f ' FT" 9,yC °'' hydrocarbons su <* « P^pane. butane, isobutane. pentane 
urTk 7^T^T^:rT ntS SUCh 85 th0S6 COmmon,y referred to as Propellents 11. 12 
P lenluL LI t 6thyl 6ther ThS combinati °" °f one or more of such compounds with 

SSTJS Pr r^ 3 » Pr0Pel,am 8y8tem WhiCh haS COmparab,e W*« *™ oT P rZC 
tionl Tnn ^ ? CF C's allowing use of known surfactants and additives in the pharmaceutical forniula 

uch SmoZr ^ 6 ~ mp0nen1s - This is P articular| y Advantageous since the toxicity and use of 
eished ' n m a ' erS f ° r dm9 d8livery 10 the human res P irator * tract is wel. 

Non-perfluorinated surfactants have commonly been used as dispersing agents for powdered medica- 
ments m aerosol propellants in which the non-perfluorinated surfactants are soluble Kpes of such 

PaSt N0T3S7S H 6 diSC '° Sed " f ritiSh Pat9ntS N0S " ^ 977934 ' 1063512. 200T33I and US 
Pror e .am'l34f ^'n*r Ver ' 77 ° J" 686 non -P eriluorinated ^actants «• substantially insoluble in 
a*ZTo™2^, TZ P T Wh ' Ch ^ bein9 C ° nSidered 35 re P ,ac «ments for chtorofluorocarbon 

Z:iTST s ^ r arv room temperature if requires more ,han 10 ' 000 parts °< to 

It has been found that non-perfluorinated surfactants which are insoluble in a propellant may neverthe- 
powdered" Z J "? 3 ^"T 1 * ^ 5,30,9 diSP6rSi0nS ° f p0wde ' ed ^ ^ 

^:z:^;zz coaied with the «<«■« * d ^n 9 *. ^d 

mm!!;!? 0 ™ aCCOr<&n9 t0 , *" * provided a ^Propelling, powder dispensing aerosol 

neZ^rT 8 '" 9 f 18351 000,% by wei9hl of 8 solid medicament coated w?th a non- 

SUrfaC !; aC,, r e diSPerSi " 9 a96nt Which constitutes * teast MM* and generatly to 20% by 

nTorl^JT^T **™'* SUSPended i0 a " aer0S0, pr °P el,ant in which »• "on- 
h f d ' SperS,n9 39801 iS substential| y Soluble requiring more than 10.000 parts of 

propellant to dissolve one part of surfactant. 

afla l h ?r nrH ,0U !I d th ? non -P erf,uorinated surfactants, which have previously been used as dispensing 

2 u ^ Tto S «l m ? IC8men,S propellants in the non-perfluorinated surfactant is soluble, may 
be used to form stable dispersions of powd red medicament in propellants in which the non-perfluorinated 

o^rSfn T h ,n8 ° ,Ub |f Pr0Vid6d * m9diCament iS pr6COated Wi,h tn surta « an * P^or to SSSTTS 
propellant. Th« result .s particularly surprising in view of the fact that the same stable disp rsions cannot be 
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achieved by simple admixture of the surfactant, propellant and medicament. 

The invention is particularly useful in that it allows acceptably stable disp rsions to be attained using 
Propellant 134a as the aerosol propellant. The formulations of the invention may be prepar d with 
Propellant 134a alone or a mixture of Propellant 134a and another miscible adjuvant having a polarity equal 
to or lower than the polarity of Propellant 134a. Suitable adjuvants for use with Propellant 134a include 
perfluorinated organic compounds such as perlluorinated alkanes and cycloalkanes. Specific examples of 
adjuvants include those shown in the following Table. 



Name 


Chemical Formula 


Vapour Pressure 
at 20 • C (psig) x 
10 3 N/m 2 


Boiling Point ( • C) 


Density (g/ml) 


perfluoropropane 


CaFs 


(100) 690 


-37 


1.6 


perfluorobutane 


C4F, 0 


(-3) -20.7 


20 




perfluorocyclobutane 


C*F 8 


(25) 173 


-6 


1.48 


perfluoropentane 


CsFi 2 


(-3) -20.7 


+ 29 


1.62 


perfluorohexane 


C6F 14 




54-58 


1.68 


perfluorotributylamine 


(C4F 9 ) 3 N 




70 (12 mm Hg) 


1.90 


perfluoromethylcyclohexane 


C 7 F, 4 




76 


1.80 


perfluorodecalin 


C10F18 




140-142 


1.94 



Adjuvants having a lower boiling point which contribute towards the propellant system are preferred. 
The most preferred adjuvant is perfluoropentane. 

Preferred propellant systems comprise from 5 to 50% by weight of adjuvant and 50 to 95% by weight 
of Propellant 134a. 

Polarity of adjuvants may be measured using the Kauri-butanol value for estimation of solvent power. 
The protocol is described in ASTM Standard: Designation 1133-86. However, the scope of the aforemen- 
tioned test method is limited to hydrocarbon solvents having a boiling point over 40 • C. The method has 
been modified as described below for applications to more volatile substances such as required for 
propellant. 

Standardisation 

In conventional testing the Kauri resin solution is standardised against toluene, which has an assigned 
value of 105 and a mixture of 75% n-heptane and 25% toluene by volume which has an assigned value of 
40. When the sample has a Kauri-butanol value lower than 40, it is more appropriate to use a single 
reference standard of 75% n-heptane : 25% toluene. The concentration of Kauri-butanol solution is adjusted 
until a titre between 35ml and 45mi of the reference standard is obtained by the method of the ASTM 
standard providing the adjuvant is non-volatile. 

Method for Volatile Compounds 

The density of the volatile substance under test is calculated to allow a volumetric titration from the 
added weight of the sample after testing. 

Kauri-butanol solution (20g) was weighed into an aerosol bottle. A non-metering valve was crimped onto 
the bottle and the weight of bottle and sample measured. Following the procedure detailed in ASTM 
standards as closely as possible, successive amounts of the volatile sample were transferred from an 
aerosol bottle via a transfer button until the end point was reached (as defined in ASTM). The aerosol bottle 
with titrated Kauri-butanol solution was re-weighed. 

The Kauri-butanol value is calculated using the following formula: 

V - <W 2 - W l) 40 

x 



d 



B 
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in which: 

W 2 = weight of aerosol bottle after titration (g) 
W, = weight of aerosol bottle before titration (g) 
d = density of sample (g/ml) 

5 8 ZZ^ZZf* ^ = " °' *»~*™ «— required ,o titrate 20g of 

reprised ^T^Lr^T^ * ** " ^ *" 3 »*" KaM ™» 

If the sample and Kauri-butanol solution are immiscible, this is most likely due to immiscibilitv of the 

could result ,n .mrmscibility. This is tested by checking the miscibility of the sample wrth water K the 

Z^VTTi ^ W3ter immiSdb,e ^ KaUri - bU,an ° l SO,u « on ' then the ^utanof va^ e is 
deemed too low to be measured, and the polarity is to be regarded as lower than that of any material wh'ch 
would give a proper titre into Kauri-butanol solution. 

' 5 » a nJ h !„?l 0F f' * ant 8 I? tem COmprisina Pro ' 3ellant 1348 Perfluoropentane possesses particular advan- 
tages since ,t ,s readily possible to formulate mixtures having a wide range of densities to suit different 

lEftT* 'XT!* 3 SUbStan,ia " y C ° nStant VaP ° Ur preSSUre ,0r *• «* *» ut 65psi X 

103 N/m*) at 20 -C. Such a mixture exhibits an azeotrope with quite a high percentage of the less vZle 
component, perfluoropentane. for example. perf,uoro P entane may be present* an amoun as hfgh as 50% 
20 by weight, preferably in the range 20 to 40% by weight of the propellant mixtures 

O ronIiLr enti h n KM! 0t ! mited t0 th8 US8 °' Pr0p8 " an, 1343 in "» P' 008 " 3 "' *y*<™ ™« ™y employ any 
propeilant ,n which the d.spersing agent is substantially insoluble. Other useful propellants include cerSJ 
halocarbons part,cularly perfluorinated hydrocarbons, hydrocarbons and admixtures alcohol 

„ h„„ J 6 • "'T?' " 9 a98rtS f0r USe in ,he inven,ion com P rise "on-perfluorinated surfactants which have 
5 5? US6d ' nha,atl0n to ™"'««ons with propellants other than Propellant 134a. Examples of suitable 

SrZ 9 s: 9 ed n oi,' nC,Ude: ° i,S deriV6d ,r ° m natUra ' S ° UrCeS ' SUCh 8S - C ° m 0il ' °' iva °»' comn seed oi. and 
Sorbitan trioleate available under the trade name Span 85, 
Sorbitan mono-oleate available under the trade name Span 80, 
30 Sorbitan monolaurate available under the trade name Span 20 

Polyoxyethylene (20) sorbitan monolaurate available under the trade name Tween 20 
Polyoxyethylene (20) sorbitan mono-oleate available under the trade name Tween 80 

JSSTeZSmST """*" ""* - ""- md8f - " M ° «- 

35 Oleyl polyoxyethylene (2) ether available under the trade name Brij 92 
Stearyl polyoxyethylene (2) available under the trade name Brij 72, 
Lauryl polyoxyethylene (4) ether available under the trade name Brij 30 
Oleyl polyoxyethylene (2) ether available under the trade name Genapol 0-020 
Block copolymers of oxyethylene and oxypropylene available under the trade name Synperonic 

40 Oleic acd. Synthetic lecithin. Methylene glycol dioleate. Tetrahydrofurfuryl oleate Ethyl' oleate 
Isopropy. mynstate. Q ly cery. trioleate. Glyceryl monolaurate. Glyceryl mono-oleate Glycol' monostearate 

y ?hTnr n 0 r 0l ^ , H Cet !! a,COh01 ' Steary ' *"«' P0,yethy,8ne *«« 400 ' Cety. pynlium chS 
0 oo! JZFS T , S K 1 riaCtan, C ° nSitUteS at l6aSt ° ° 0,% - 9 8neral, y 0 m to 20o/ «>- dually between 
« M . I preferab, V' for med icinal purposes, between 0.001 and 3% by weight of the solid 

2 T 1 b6 , SUSpended - H0W6Ver ' lhe minimum ^ of surfactanl «»*»d ^ depLent upon t e 
concentranon o solid material present. For best results, the concentration of surface-activVagen i s k e p t al 
a mimmum as « may tend to increase the droplet size and the tendency for particte aggtomeration 
th ft r«!l a .i! n S< l medicamen,s include antiallergics. analgesics, bronchodilators. antihistamines. 

so t o n r^n P r e ' nS T «*« Potions, antiinflammatory preparl 

^17' ° r .l u,,onam ' des '. such * for ^ple. a vasoconstrictive amine, an enzyme. alkaloid, or 
and ,7" e : 9,st,c combinations of these. Examples of medicaments which may be employed are 
isoproterenol (a. P ha.<isoprop y .aminometh y .) protocatechuyl alcoholj. phenylephrine. pLylproSmfn 
SSZ" ad h ren0Chrome ' e P ine P" ri " • narcotine. codeine atrop n . hepSnnTor^ ne" 

-a tltTTT, ' T^" 19, SC0 P 0,arnine - ™thapvrilene. cyanccobalamin. terbut^Hne ri^iteTS 

are ' 'T^™' ^ thaS ° n °" and diamirphine. dthTrs 

are anHbiotjcs. such as neomycin, streptomycin, penicillin, procain penicillin, t tracycline 
TSZSTa ^"Vdroxytettacycline; adrenocorticotropic hormone and adr noLica, holds' such 
as cortisone. hydrocort.son . hydrocortisone acetate and pr dnisolone; insulin, antiallergy compounds such 



4 
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as cromolyn sodium, tc. 

The drugs exemplified above may be used as either the free base or as one or more salts known to the 
art. The choice of free base or salt will be influenc d by the physical stability of the drug in the formulation. 
For example, it has been shown Jfiat the free base of salbutamol exhibits a gr ater dispersion stability than 

5 salbutamol sulphate in the formulations of the invention. 

The following salts of the drugs mentioned above may be used; 
acetate, benzenesulphonate, benzoate, bicarbonate, bitartrate, bromide, calcium edetate, camsylate. car- 
bonate, chloride, citrate, dihydrochloride, edetate, edisylate, estolate, esylate, fumarate, fluceptate, glu- 
conate, glutamate, glycollylarsanilate, hexylresorcinate, hydrobromide, hydrochloride, hydroxynaphthoate, 

w iodide, isethionate, lactate, (actobionate. malate, maleate, mandelate, mesylate, rnethylbromide, methyl- 
nitrate, methylsulphate, mucate, napsylate, nitrate, pamoate (embonate), pantothenate, phos- 
phate\diphosphate, polygalacturonate, salicylate, stearate, subacetate, succinate, sulphate, tannate, tartrate, 
and triethiodide. 

Cationic salts may also be used. Suitable cationic salts include the alkali metals, e.g. sodium and 
75 potassium, and ammonium salts and salts of amines known in the art to be pharmaceutical^ acceptable, 
e.g. glycine, ethylene diamine, choline, diethanolamine, triethanolamine, octadecylamine, diethylamine, 
triethylamine, 1-amino-2-propanol-amino-2-(hydroxymethyl)propane-1,3-diol and 1-(3,4-dihydroxyphenyl)-2 
isopropylaminoethanol. 

Preferred drugs for the invention are salbutamol. salbutamol sulphate, beclomethasone diproprionate 
20 isopropylacohol solvate, sodium cromoglycate, pirbuterol. pirbuterol acetate, beclomethasone dipropionate 
and fentanyl citrate. 

For pharmaceutical purposes the particle size of the powder should desirably be no greater than 100 
um (microns) diameter, since larger particles may tend to agglomerate, separate from the suspension may 
clog the valve or orifice of the container. Preferably the particle size should be less than 25 microns in 

25 diameter. Desirably the particle size of the finely-divided solid powder should for physiological reasons be 
less than 25 microns and preferably less than 10 um (microns) in diameter. The particle size of the powder 
for inhalation therapy should preferably be in the range 2 to 10 um (microns). 

There is no lower limit on particle size except that imposed by the use to which the aerosol produced is 
to be put. Where the powder is a solid medicament, the lower limit of particle size is that which will be 

30 readily absorbed and retained on or in body tissues. When particles of less than about one-half micron in 
diameter are administered by inhalation they tend to be exhaled by the patient. 

Desirably the finely divided solid materials should be substantially insoluble in both the liquified 
propellant and the surface-active agent. If the solid material is substantially soluble in the propellant, the 
particle size of the aerosolized material when dispensed cannot be controlled. If the particle size of the 

35 suspended solid material cannot be regulated and agglomeration takes place, the valve orifice of the 
aerosol container may clog, rendering the dispensing device inoperative, or if a metering valve is employed, 
it may be rendered inaccurate. This may lead to inaccurate dosages, which in the case of highly potent 
medicinals may lead to undesirable results. In addition to increasing particle size and clogging orifices, 
agglomeration may make the suspension unstable, an obviously undesirable result, particularly in the case 

40 of aerosolized medicinals. 

The finely-divided solid material may constitute up to 20% by weight of the total composition. Generally 
it will constitute up to 10%, normally up to 5% and preferably up to 3%, by weight of the total composition. 
The minimum concentration of the solid material is governed by its specific activity and in the case of 
highly active material can be as low as 0.001 % by weight of the total composition although a concentration 

45 of 0.01% is preferred. 

The invention will now be described with reference to the following Examples in which formulations of 
the invention are prepared according to the following general method. 

Method for Coating Drug Particles with Surfactant and Preparations of Formulations 

60 

A solution of surfactant is prepared in a solvent in which the selected drug is either insoluble or has a 
suitably low solubility. The concentration, of the surfactant solution varies with the selected drug but is 
typically less than 10% (w/v) and more usually in the range 0.001 to 5% (w/v). An appropriat quantity of 
the surfactant solution is mixed with the micronised drug powder for 1 minute using a high shear mixer in 
65 accordance with techniques known to the art. Micronised drug powder is defined as comprising particles 
having a size distribution of 95% of particles below 10 um and a mean size in the range of 1 to 5 um. After 
mixing, the drug particles are coated with a layer of surfactant. Coated particles are separated from the 
suspension by filtration and dried. Th powder is collected and d aggregated to produce a free flowing 
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powder. 

The appropriate quantity of the coated drug and propeliant are th n admixed in a suitable container and 
subjected to high energy dispersion thereby dispersing the coated solid material in an aerosol propeliant in 
which the surface active dispersing agent is substantially insoluble requiring more than 10,000 parts of 
propeliant to dissolve 1 part of trie surfactant at room temperature such that the aerosol composition 
comprises at least 0.001 by weight of said solid medicament and at least 0.001% by weight of the coated 
solid material is the non-perfluorinated surlace-active dispersing agent. E.g. ultrasonic energy has been 
found to be effective at this stage. This technique has been demonstrated to be effective in physically 
stabilising suspension formulations. 

Example 1 

Method for Determining the Drug Deposition Potential of the Formulations 

The formulations were evaluated by the following protocol to demonstrate the improvement brought 
about by coating the micronised drug particles with a suitable surfactant in accordance with the invention. 
The quantification of the improvement was expressed as the drug deposition potential of a given formulation 
and was determined as foliows:- 

(a) The surfactant coated drug was prepared as described above from micronised drug in dehumidified 
conditions. The control comprising the same formulation but omitting the surfactant was subjected to the 
same procedure. 

(b) 69 mg of the coated drug (or control) was added to each of several 10 ml capacity aluminium aerosol 
cans. Polyethylene terephthalate (PET) aerosol containers may be substituted where appropriate. An 
aerosol valve was crimped into place before addition of Propeliant 134a (7.9g). Once crimping had been 
effected cans could be removed from the dehumidified environment. 

(c) The contents of each can were homogenised by immersion in an ultrasonic bath for five minutes. 

(d) The cans were subjected to the following conditions, designed to promote drug deposition- 
Each can was placed on its side on an electric rolling apparatus such that it is in a position to rotate 

about an axis parallel with its axis of rotational symmetry, i.e. its longitudinal axis. The apparatus was 
programmed to be alternately switched on for 15 minutes and then off for 15 minutes, for a total of 15 
hours operation time (30 cycles). 

Each can subjected to intermittent rolled storage was chilled for 30 minutes at -50 # C. 

Immediately prior to decrimping the valve, the can was inverted to ensure that undeposited drug 
particles are dispersed. The valve was decrimped and the can contents discarded. 

(e) The deposits from each can were rinsed with a suitable solvent, ensuring quantitative transfer of the 
washings, into a volumetric flask. Where appropriate the flask contents were made up to the required 
volume with solvent, before u.v. spectro-photometric analysis of the drug. Where necessary samples 
were diluted to provide an absorbance within the linear range of the Beer-Lambert Law. 

(f) The amount of drug deposited from each preparation (including the control) was determined and the 
results expressed as follows:- 



Drug Deposition Potential - 

Averse weight Of drug deposits from te s t formulation 
Average weight of drug deposits from control formulation 



A value of less than 1.0 for the drug deposition potential indicates an improvement due to the pre- 
coating of the micronised drug particles with the surfactant. The following preparations were examined and 
the results presented in the following table. 
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Exampl 2 



D monstration of th Adva ntage of Pre-Coating the Drug Particles Compared with an Adm ixture of the 
Constituents ~ ' " ~~ 

The formulations of the invention cannot be arrived at by simply mixing ingredients and agitating the 
mixture in a conventional manner. This conclusion is based on the following results:- 

(1) Addition of a surfactant to Propellant 134a in a chilled vessel causes the surfactant to gel or solidify 
and collect in an undissolved mass. 

(2) The following preparation was prepared using ultrasonic energy to homogenise in a sealed a 
container of mixture (A) 





mg/ml 


Beclomethasone Dipropionate (I.P.A. solvate) 


10.700 


Epikuron 200 


0.027 


Propellant 134a 


1214.273 




TOTAL 1225.000 



The above mixture has the same ingredients as formulation 1 of Example 1. The drug deposition 
potential of the mixture was evaluated and the results reported in the table below. 
The results of Formulation 1 are included as comparative data. 





Drug Deposition Potential* 


Formulation 1 (pre-coated drug) 


0.62 


0.76 


0.53 


Formulation A (admixed drug and surfactant) 


1.89 


1.51 


1.32 



* Each result represents a determination on a separate can. 



It can be seen from the formulations tested that those formulations prepared using pre-coated drug are 
better than both those containing no surfactant (see (1) above) and the formulation prepared in the 
conventional way (Formulation A) by simply admixing the constituents. 



Example 3 



This example demonstrates that drug formulations may be prepared using a mixture of propellant 134a 
and an adjuvant/propellant of polarity equal to or less than the polarity of Propellant 134a. Formulations ' 
have been prepared in accordance with the following general formula:- 





mg/ml 


Salbutamol B.P. (micronised and pre-coated with surfactant) 


2.0 


Propellant 134a 


1030.0 


Perfluoropentane 


258.0 




TOTAL 1290.0 



Satisfactory formulations hav been prepar d where the surfactant used to pre-coat th salbutamol was; 

(a) Span 85 

(b) Oleic acid B.P., and 

(c) Epikuron 200 

The above formulations were prepared by dispersing the pre-coated drug particl s in p rfluoropentane 
before addition of Propellant 134a 
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Furthermore, substitution of uncoated drug for the pre-coated drug resulted in unsatisfactory prepara- 
tions, in which, most of the uncoated drug stuck to the walls of the homogenising vessel and did not 
disperse adequately. 

Example 4 

Formulations containing micronised Salbutamol BP. 



The suspension formulations reported in the following Table were prepared as described above. 



Formulation Number 


Surfactant Coated 
Drug Particles (g) 


Propellant 134a (g) 


Surfactant used 
to coat the drug 
particles 


Concentration of 
surfactant in the 
coating solution (%) 


SS1 


0.02 


12.2 


Span 65 


0.1 


SS2 


0.02 


12.2 


Span 85 


5.0 


S01 


0.02 


12.2 


Oleic Acid 


0.1 


S02 


0.02 


12.2 


Oleic Acid 


1.0 


SEt 


0.02 


12.2 


Epikuron 200 


0.1 


SE2 


0.02 


12.2 


Epikuron 200 


5.0 



Of the above formulations, Formulation SE2 was the most satisfactorily dispersed. 
Example 5 

Formulations containing micronised Pirbuterol acetate 

The suspension formulations reported in the following Table were prepared as described above: 



Formulation Number 


Surfactant Coated 
Drug Particles (g) 


Propellant 134a (g) 


Surfactant used 
to coat the drug 
particles 


Concentration of 
surfactant in the 
coating solution (%) 


PS1 


0.05 


12.2 


Span 85 


0.1 


PS2 


0.05 


12.2 


Span 85 


5.0 


P01 


0.05 


12.2 


Oleic Acid 


0.1 


P02 


0.05 


12.2 


Oleic Acid 


1.0 


PE1 


0.05 


12.2 


Epikuron 200 


0.1 


PE2 


0.05 


12.2 


Epikuron 200 


5.0 



g 
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Example 6 

Formulations containing micronised adrenaline bitartrate 

The suspension formulations reported in the following Table were prepared as described above. 



Formulation Number 



Surfactant Coated 
Drug Particles (g) 



Propellant 134a (g) 



Surfactant used 
to coat the drug 
particles 



Concentration of 
surfactant in the 
coating solution ( % ) 



AS1 
AS2 
A01 
A02 
AE1 
AE2 



0.056 
0.056 
0.056 
0.056 
0.056 
0.056 



12.2 
12.2 
12.2 
12.2 
12.2 
12.2 



Span 85 
Span 85 
Oleic Acid 
Oleic Acid 
Epikuron 200 
Epikuron 200 



0.1 
5.0 
0.1 
1.0 
0.1 
5.0 



Of the above formulations, Formulation AE2 was the most satisfactorily dispersed. 
Example 7 

Formulations containing micronised SaJbutamol B.P. with perfluoropropane 

The suspension formulations reported in the following Table were prepared as described above. 



Formulation Number 



Surfactant Coated 
Drug Particles (g) 



Perfluoropropane (g) 



Surfactant used 
to coat the drug 
particles 



Concentration of 
surfactant in the 
coating solution (%) 



PF1 
PF2 
PF3 
PF4 
PF5 
PF6 



0.02 
0.02 
0.02 
0.02 
0.02 
0.02 



12.2 
122 
12.2 
12.2 
12.2 
12.2 



Span 85 
Span 85 
Oleic Acid 
Oleic Acid 
Epikuron 200 
Epikuron 200 



0.1 
5.0 
0.1 
1.0 
0.1 
5.0 



Claims 

1. A self-propelling, powder dispensing aerosol composition comprising at least 0.001% by weight of a 
finely-divided solid medicament coated with a non-perfluorinated surface-active dispersing agent which 
constitutes at least 0.001% by weight of the coated solid material, and suspended in an aerosol 
propellant in which the non-perfluorinated surface-active dispersing agent is substantially insoluble 
requiring more than 10.000 parts of propellant to dissolve one part of the surfactant at room 
temperature. 

2. A self-propelling, powder dispensing aerosol composition as claimed in Claim 1 in which the dispersing 
agent constitutes from 0.001 to 20% by weight of the coated solid medicament. 

3. A self-propelling, powder dispensing aerosol as claimed in Claim 1 or Claim 2 in which the finely- 
divided solid medicament has an average particle size of less than 10 urn (microns) in diameter. 

4. A s If-propelling powder disp nsing aerosol composition as claimed in any prec ding claim in which 
finely-drvid d solid material constitutes up to 10.0 percent by weight of th total composition and the 
non-perfluorinated surface-actJv dispersing agent constitutes betw en 0.001 and 3.0% by weinht of the 
finely-divided solid medicam nt. 
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5. A self-propelling, powder dispensing aerosol as claimed in any preceding claim in which the dispersing 
agent is selected from a sorbitan trioleate, sorbitan mono-oleate, sorbitan monoiaurate, polyoxyethylene 
(20) sorbitan monoiaurate, polyoxyethylene (20) sorbitan mono-oleate, natural I cithin, oleyl polyox- 
yethylene (2) ether, stearyl polyoxyethylene (2) ether, lauryl polyoxyethylene (4) ether, block 
copolymers of oxyethylene and oxypropylene, 

Oleic acid, Synthetic lecithin, Diethylene glycol dioleate, Tetrahydrofurfuryl oleate, Ethyl oleate, 
Isopropyl myristate. Glyceryl mono-oleate, Glyceryl monostearate, Glyceryl monoricinoleate, Cetyl 
alcohol, Stearyl alcohol, Polyethylene glycol 400 and Cetyl pyridinium chloride, olive oil, glyceryl 
monoiaurate, corn oil, cotton seed oil and sunflower seed oil. 

6. A self-propelling, powder dispensing aerosol composition as claimed in any preceding claim in which 
the finely divided solid material is a medicament selected from the group consisting of an antiallergic, 
an analgesic, a bronchodilator, an antihistamine, a steroid, an antitussive, an anginal preparation, an 
antibiotic, an antiinflammatory, a hormone, a sulfonamide a therapeutic protein or peptide and mixtures 
thereof. 

7. A self-propelling, powder dispensing aerosol composition as claimed in Claim 6 in which the medica- 
ment is selected from salbutamol and its salts, beclomethasone d (propionate, pirbuterol and its salts, 
adrenaline and its salts, disodium chromoglycate and mixtures thereof. 

8. A self-propelling powder dispensing aerosol composition as claimed in any preceding claim in which 
the propellant system comprises 1,1,1,2-tetrafluoroethane. 

9. A self-propelling, powder dispensing aerosol composition as claimed in Claim 8 in which the propellant 
system comprises an adjuvant selected from perfluoropropane, perfluorobutane, octafluorocyclobutane, 
perfluoropentane, perfluorohexane, perfluorotributylamine, perfluoromethylcyclohexane and per- 
fluorodecalin. 

10. A setf-propelling, powder dispensing aerosol composition as claimed in Claim 9 in which the propellant 
system comprises from 5 to 50% by weight of adjuvant and from 50 to 95% by weight of 1,1,1,2- 
tetrafluoroethane. 

11. A method for preparing a self-propelling, powder dispensing aerosol composition comprising: 

(a) coating a finely divided solid medicament with non-perfluorinated surface-active dispersing agent 
in a solvent in which the finely divided solid medicant is substantially insoluble, 

(b) separating the coated solid material from the solvent by filtration, 

(c) drying the coated finely divided solid material, 

(d) high energy dispersing the coated solid material in an aerosol propellant (in which the surface 
active dispersing agent is substantially insoluble requiring more than 10,000 parts of propellant to 
dissolve one part of surfactant, such that the aerosol composition comprises at least 0.001 by weight 
of said solid medicament and at least 0.001% by weight of the coated solid material is the non- 
perfluorinated surface-active dispersing agent. 

12. A method as claimed in Claim 11 for preparing a composition as defined in any one of Claims 1 to 11. 
PatentansprUche 

1. Selbsttreibende, pulverdispensierende Aerosolzusammensetzung, umfassend wenigstens 0,001 Gew.-% 
eines fein verteilten, festen Arzneimittels, das mit einem nicht perfluorierten, oberi&chenaktiven 
Dispergiermittel Uberzogen ist, das wenigstens 0,001 Gew.-% der mit einem Uberzug versehenen, 
festen Substanz darstelrt, und in einem Aerosoltreibgas suspendiert ist, in dem das nicht perfluorierte, 
oberfftchenaktive Dispergiermittel weitgehend unldslich ist, wobei mehr als 10000 Telle des Treibgases 
erforderlich sind, urn 1 Toil d s Netzmittels bei Raumtemperatur zu I3sen. 

2. Selbsttreibend , pulverdispensierende Aerosolzusammensetzung nach Anspruch 1 , in der das Disper- 
giermittel 0,001 bis 20 Gew.-% des mit ein m Uberzug versehenen, f sten Arzneimittels darstellt. 
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3. Selbsttreibendes. pulverdispensierendes Aerosol nach Anspruch 1 Oder Anspruch 2. in dem das fein 
verteilte. feste Arzneimittel einen mittleren Teilchendurchmess r von w niger als 10 urn (Mikron) 

4. Selbsttreibende, pulverdispensierende Aerosolzusammensetzung nach einem der vorstehenden An- 
spruche. in der die fein verteilte. feste Substanz bis zu 10.0 Gew.-% der Gesamtzusammensetzung 
darstellt. und das nicht perfluorierte. oberflachenaktive Dispergiermittel zwischen 0,001 und 3 Gew-% 
des fein verteilten, festen Arzneimitlels darstellt. 

5. Selbsttreibendes. pulverdispensierendes Aerosol nach einem der vorstehenden AnsprQche. in dem das 
Dispergiermittel ausgewahlt ist aus Sorbitarrtrioleat. Sorbitanmonooleat. Sorbitanmonolaurat Polyoxy- 
ethylen-(20)-sorbrtanmonofaurat. Polyoxyethylen-(20)-sorbitanmonooleat. natUrlichem Lecithin Oleylpo- 
lyoxyethylen-(2)-ether, Stearylpolyoxyethylen-(2)-ether, Uurylpolyoxyethylen-(4)-ether. Blockcopolyme- 
ren aus Oxyethylen und Oxypropylen. OlsMure, synthetischem Lecithin, Diethylenglykoldioleat Tetrah- 
ydrofurfuryloleat. Ethyloleat. Isopropylmyristat. Glycerylmonooleat, Glycerylmonostearat, Glycerylmono- 
nc.noleat. Cetylalkohol. Stearylalkohol. Polyethylenglykol 400 und Cetylpyridiniumchlorid, Olivenol 
Glycerylmonolaurat. Maiskeimfil. Baumwollsamenfil und Sonnenblumenkernfil. 

6. Selbsttreibende. pulverdispensierende Aerosolzusammenseteung nach einem der vorstehenden An- 
sprUche, in der die fein verteilte. feste Substanz ein Arzneimittel ist, ausgewahlt aus einem Antiallergi- 
kum. Analgetikum. Bronchodilatator. Antihistaminikum, Steroid. Antitussivum, einer anginosen Zuberei- 
tung. einem Antibiotikum. einem entzundungshemmenden Mittel. einem Hormon, SuHbnamid therapeu- 
tischen Protein oder Peptid und Gemischen davon. 



7. 



a 



9. 



Selbsttreibende. pulverdispensierende Aerosolzusammensetzung nach Anspruch 6, in der das Arznei- 
mittel ausgewahlt ist aus Salbutamol und seinen Salzen. Beclomethasondipropionat. Pirbuterol und 
semen Salzen. Adrenalin und seinen Salzen. Dinatriumchromoglykat und Gemischen davon. 

Selbsttreibende, pulverdispensierende Aerosolzusammensetzung nach einem der vorstehenden An- 
spruche. in der das Treibgassystem 1.1,1.2-Tetrafluorethan umfaSt. 

Selbsttreibende. pulverdispensierende Aerosolzusammensetzung nach Anspruch 8. in der das Treib- 
gassystem em Adjuvans umfaBt. ausgewahlt aus Perfluorpropan. Perfluorbutan, Octafluorcyclobutan 
Perfluorpentan. Perfluomexan, Perfluortributylamin. Perfluormethylcyclohexan und Perfluordecalin. 

10. Selbsttreibende. pulverdispensierende Aerosolzusammensetzung nach Anspruch 9. in der das Treib- 
gassystem 5 bis 50 Gew.-% Adjuvans und 50 bis 95 Gew.-% 1.1.1.2-Tetrafluorethan umfaat. 

11. Verfahren zur Herstellung einer selbsttreibenden. pulverdispensierenden Aerosolzusammensetzunq 
umfassend: s 

(a) das Oberziehen eines fein verteilten. festen Arzneimittels mit einem nicht perfluorierten, oberfla- 
chenaktiven Dispergiermittel in einem Losungsmittel. in dem das fein verteilte. feste Arzneimittel 
weitgehend unlfislich ist, 

(b) das Abtrennen der mit einem Uberzug versehenen. festen Substanz aus dem Losunqsmittel 
durch Filtration, 

(c) das Trocknen der mit einem Oberzug versehenen, fein verteilten. festen Substanz 

(d) das hochenergetische Dispergieren der mit einem Uberzug versehenen. festen Substanz in 
einem Aerosoltrelbgas (in dem das oberflachenaktive Dispergiermittel weitgehend unlfislich ist 
wobei mehr als 10000 Teile des Treibgases erforderlich sind. um 1 Teil des Netzmittels zu lOsen)' 
so daS die Aerosolzusammensetzung wenigstens 0.001 Gew.-% des festen Arzneimittels umfaBt' 
und wenigstens 0.001 Gew.-% der mit einem Oberzug versehenen. festen Substanz das nicht 
perfluorierte, oberflachenaktive Dispergiermittel ist. 

12. V rfahr n nach Anspruch 11 zur Herstellung einer Zusammensetzung nach einem der AnsprtJche 1 bis 
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Revendlcattons 

1. Composition d'aerosol distributee de poudre, a autopropulsion, comprenant au moins 0,001 % en 
poids d'un medicament solide finement divise enrobe avec un agent dispersant tensio-actif non 
perfluore qui represente au moins 0.001 % en poids de la mature solide enrobee, et en suspension 
dans un agent propulseur d'aerosol dans lequel I'agent dispersant tensio-actif non perfluore est 
pratiquement insoluble, une quantite superieure a 10 000 parties de I'agent propulseur etant requise 
pour dissoudre une partie du surfactant a temperature ambiante. 

2. Composition d'aerosol distributeur de poudre, a autopropulsion, suivant la revendication 1, dans 
laquelle I'agent dispersant represente 0,001 k 20 % en poids du medicament solide enrobe. 

3. Composition d'aerosol distributeur de poudre, k autopropulsion. suivant la revendication 1 ou la 
revendication 2 t dans laquelle fe medicament solide finement divise a des dimensions moyennes de 
particules correspondant k un diam&tre inferieur k 10 urn (micrometres). 

4. Composition d'aerosol distributeur de poudre, k autopropulsion. suivant I'une quelconque des revendi- 
cations pnScedentes, dans laquelle la matiere solide finement divis^e represente jusqu'i 10,0 pour cent 
en poids de la composition totale et I'agent dispersant tensio-actif non perfluore represente 0,001 k 3,0 
% en poids du medicament solide finement divise. 

5. Composition d'aerosol distributeur de poudre, k autopropulsion, suivant I'une quelconque des revendi- 
cations precedentes. dans laquelle I'agent dispersant est choisi entre le trioleate de sorbitanne, le 
mono-oteate de sorbitanne, le monolaurate de sorbitanne, le polyoxyethyl£ne(20>-monolaurate de 
sorbitanne, le polyoxyethylfene(20)-mono-oleate de sorbitanne, fa lecithine naturelle, le polyoxyethylSne- 
<2H*ther oldylique, le polyoxyethylene(2)-ether stearylique, le polyoxyethylfcne(4)-ether laurylique, des 
copolymeres sequences de motifs oxy&hylfene et oxypropylfene, I'acide ok§ique, une lecithine syntheti- 
que. le dioieate de diethyfcneglycol, rotate de tetrahydrofurfuryle, I'oieate d'ethyle, le myristate 
d'isopropyle, le mono-oleate de glyceryle, le monostearate de glyceryle, le monoricinoieate de 
glyceryle, I'alcool cetylique, I'alcool stearylique, le polyethylfeneglycol 400 et le chlorure de cetylpyridi- 
nium, I'huile d'olive, le monolaurate de glyceryle. I'huile de mai's. I'huile de graines de cotonnier et 
I'huile de graines de tournesol. 

6. Composition d'aerosol distributeur de poudre, a autopropulsion, suivant I'une quelconque des revendi- 
cations prdcedentes. dans laquelle la matiere solide finement divis^e est un medicament choisi dans le 
groupe consistant en un antiallergique. un analg<§sique, un bronchodilatateur, un antihistaminique. un 
steroTde, un agent antitussif, une preparation contre la crise angineuse, un antibiotique, un anti- 
inflammatoire, une hormone, un sulfamide, une proline ou un peptide th£rapeutique et leurs melanges. 

7. Composition d'aerosol distributeur de poudre, a autopropulsion. suivant la revendication 6, dans 
laquelle le medicament est choisi entre le salbutamol et ses sels, le dipropionate de bectomethasone, 
le pirbuterol et ses sels, ('adrenaline et ses sels, le cromoglycate disodique et leurs melanges. 

8. Composition d'aerosol distributeur de poudre. a autopropulsion, suivant I'une quelconque des revendi- 
cations precedentes, dans laquelle I'agent propulseur comprend du 1,1,1,2-tetrafluorethane. 

9. Composition d'aerosol distributeur de poudre, k autopropulsion, suivant la revendication 8. dans 
laquelle I'agent propulseur comprend un adjuvant choisi entre le perfluoropropane, le perfluorobutane, 
I'octafluorocyclobutane. le perfluoropentane, le perfluorohexane, la perfluorotributylamine. le perfluoro- 
methylcyclohexane et la perfluorodecaline. 

10. Composition d'aerosol distributeur d poudre. k autopropulsion, suivant la revendication 9, dans 
laquelle I'agent propulseur compr nd 5 k 50 % en poids d'adjuvant et 50 k 95 % en poids de 1,1,1,2- 
tetrafluorethane. 

11- Precede d preparation d'une composition d'aerosol distributeur d poudre, k autopropulsion. compre- 
nant I s etapes consistant : 
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(a) a enrober un medicament solide finement divisd avec un agent dispersant tensioactif non 
perfluon* dans un solvant dans lequel le medicament solide finement divise est pratiquement 
insolubl . 

(b) & s£parer la mature solide enrobee du solvant par filtration, 

(c) a secher la mati&re solidtf finement divisee enrobee, 

(d) a disperser par un moyen a haute <§nergie la matiere solide enrotxle dans un agent propulseur 
d'aerosol (dans lequel I'agent dispersant tensio-actif est pratiquement insoluble, une quantity 
superieure h 10 000 parties d'agent propulseur etant requise pour dissoudre une partie de 
surfactant, de telle sorte que la composition d'aerosol comprenne au moins 0.001 % en poids dudit 
medicament solide. et dp telle sorte qu'au moins 0.001 % en poids de la matiere solide enrobee soit 
constitue de I'agent dispersant tensio-actif non perfluore. 

!. ProcedS suivant la revendication 11 pour la preparation d'une composition rSpondant a la definition 
suivant runs quelconque des revendications 1 a 11. 
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